INTRODUCTION
Use of herbicide in minimum tillage system is common and effective means of weed control. Day-by-day, using frequency of herbicide is rapidly increasing in Bangladesh (Hossain 2015) since herbicide provides more cost-effective and labour-saving weed control than manual weeding (Ahmed and Chauhan 2014) .
In Bangladesh, 52 registered herbicides are in the market at present, among which 36 are used for rice (BCPA 2016) . But, these rice herbicides are being used by farmers frequently without any assessment of their possible phytotoxic effects on the existing rice varieties. *Corresponding author: taslimazahan_tzp@yahoo.com
Herbicides are usually applied in transplanted aman rice under puddled field condition. In puddle soil herbicides can easily be mixed with the loose soil sediments and additionally standing water of the field help herbicides to go through the contamination of germinating weed seeds. On the other hand, strip-tilled non-puddled transplanting is a new but promising rice establishment technique in our country, but the behaviour of applied herbicide in the less muddy soil of the strip-tilled nonpuddled field is unknown. Hence, the effectiveness of herbicides in this reduced tillage rice cultivation technique might not be the same as the conventionally tilled puddle system. Moreover, all the registered herbicides have recommended rate for application in puddled transplanted aman rice, but not have any recommendation for strip-tilled non-puddled transplanted aman rice. The recommendation of herbicide application rate for nonpuddled transplanted rice might be varied from the puddled transplanting or not. Additionally, some previous studies reported that rice varieties response differentially to different herbicides, even if herbicides are applied at the recommended rate and the reason is related to the morphological difference, genetic difference or the difference of their seedling age (Bond and Walker 2012; Moore and Kröger 2010) . Furthermore, some crop cultivars might have sensitivity to particular herbicides (Li et al. 2000; Swantek et al. 1998 ). Therefore, a study had done to evaluate the growth and yield response of some selected transplanted aman rice varieties to the recommended rate of some available rice herbicides and to find out the most tolerant aman rice variety or varieties to herbicides under strip-tilled non-puddled field condition.
METHODOLOGY

Experimental site and season
The experiment was conducted at the Agronomy Field Laboratory of Bangladesh Agricultural University, Mymensingh (24° 75ʹ N latitude and 90° 50ʹ E longitude at an altitude of 18 m above the sea level) during July to November 2013. The experimental site was a medium high land with sandy clay loam soil (50% sand, 23.4% silt, 26.6% clay) having pH 7.1 and moderate soil fertility with 1.65% organic matter content. Weather information regarding air and soil temperature, rainfall and relative humidity prevailed at the experimental site during the study period is presented in Table 1 . 
Treatment and design
The study consisted of two factors: variety and herbicide. Twelve transplanted aman rice varieties (BR11, BRRI dhan33, BRRI dhan39, BRRI dhan44, BRRI dhan46, BRRI dhan49, BRRI dhan51, BRRI dhan52, BRRI dhan56, BRRI dhan57, BRRI hybrid dhan-4 and Binadhan-7) were tested against six herbicide (2 pre-emergence: pyrazosulfuron-ethyl and butachlor; 1 early post-emergence: orthosulfamuron and 3 late post-emergence: acetochlor + bensulfuron, butachlor + propanil and 2,4-D amine) at the recommended rate. Among the late postemergence herbicides, two herbicides named acetochlor + bensulfuron and butachlor + propanil were the proprietary mixture of two chemicals. Trade names of all herbicides have given in Table 2 along with their chemical group, active ingredient and application time and rate. The experiment was set up in a strip-plot design (variety was in vertical plots and herbicide was in horizontal plots) with three replications. Unit plot size was 13 m × 4 m (1 m for each variety × 4 m). 
Application of herbicide
Before setting up the experiment, pre-plant non-selective herbicide, Roundup® (glyphosate 41% SL-IPA salt), was applied @ 2.25 L ha -1 at 20 days and 5 days before strip till the land at 20 cm apart by Versatile Multi-Crop Planter (VMP). Just before strip tillage, the land was fertilized as per recommended practice and then the land was inundated to 3-5 cm depth of standing water for 48 hours (Haque et al. 2016) . Twenty fiveday-old rice seedlings of all the rice varieties were transplanted on 03 August 2013 at 15 cm spacing between hills allocating three seedlings per hill. Commercial formulation of all herbicides was used in the study and spray solutions according to the recommendation of the associated companies were applied by locally made knapsack hand sprayer having flat-pan nozzle at the rate of 180 L ha-1 and 140 kPa.
Data recording and statistical analysis
Crop phytotoxicity was visually assessed from the day of herbicide application up to 25 days. Data on growth parameters were recorded from randomly selected 10 hills per plot at different days after transplanting (DAT). Leaf chlorophyll content of each rice varieties was measured from the average value of randomly selected 10 fresh leaves at vegetative stage and from 10 flag leaves at heading stage by using SPAD-502 plus meter (Konica Minolta Optics, inc., Japan). Rice varieties were harvested at maturity (BRRI dhan57 and BRRI hybrid dhan-4 were harvested at 94 DAT on 05 November 2013; BRRI dhan56, Binadhan-7 and BRRI dhan33 at 96 DAT on 07 November 2013; BRRI dhan39 and BRRI dhan49 at 105 DAT on 16 November 2013; BR11 and BRRI dhan52 at 113 DAT on 24 November 2013; BRRI dhan51 and BRRI dhan44 at 121 DAT on 02 December 2013 and BRRI dhan46 was harvested at 131 DAT on 12 December 2013) and data on yield and related attributes were recorded before harvesting of all rice varieties. Data were subjected to analysis of variance and means were compared by Tukey's Honest Significance Difference (HSD) test using 'STAR nebula' developed by IRRI (version 2.0.1, January 2014).
RESULT AND DISCUSSION
Plant height
Application of herbicides at their recommended rate significantly affected plant heights of twelve transplanted aman rice varieties at different days after transplanting (DAT) and even at harvest (Figure 1-3 and Table 3 ). In case of pre-emergence herbicides, pyrazosulfuron-ethyl treated plots had taller plants in all aman rice varieties in comparison to control plots at 10 DAT (7 days after pre-emergence herbicide application-DAHA) and 20 DAT (17 DAHA) and even at harvest, however exception was observed in case of BRRI dhan57 at 20 DAT and BRRI dhan49 at harvest (Figure 1) . Moreover, the tallest plants of BRRI dhan33 and BRRI dhan56 at harvest were recorded from pyrazosulfuron-ethyl treated plots (Table 3) . On the other hand, compared to control plots and pyrazosulfuron-ethyl treated plots, plants of BRRI dhan51 were taller in butachlor treated plots at both 10 DAT and 20 DAT. Additionally, the tallest plants of BRRI hybrid dhan-4 were in butachlor treated plots at harvest (Table 3) . 1.86 for variety, 1.58 for herbicide, 1.51 for variety × herbicide Here, CV = co-efficient of variance, *** = 0.01% level of significance V1 = BR11, V2 = BRRI dhan33, V3 = BRRI dhan39, V4 = BRRI dhan44, V5 = BRRI dhan46, V6 = BRRI dhan49, V7 = BRRI dhan51, V8 = BRRI dhan52, V9 = BRRI dhan56, V10 = BRRI dhan57, V11 = BRRI hybrid dhan-4, V12 = Binadhan-7
In case of early post-emergence herbicide, all aman rice varieties had similar plant heights in orthosulfamuron treated plots as control plots both at 20 DAT (5 DAHA) and 30 DAT (15 DAHA) (Figure 2) . Moreover, plants of BRRI dhan39 were taller in orthosulfamuron treated plots than control plots at both 20 and 30 DAT. Furthermore, the tallest plants of BRRI dhan52 and Binadhan-7 were observed in orthosulfamuron treated plots at harvest (Table 3) .
Among the late post-emergence herbicides, results demonstrated that plants of all aman rice varieties in acetochlor + bensulfuron methyl treated plots were significantly shorter at both 30 DAT (8 DAHA) and 40 DAT (18 DAHA) in comparison to the untreated control plots (Figure 3) . Besides, the shortest plants of all aman rice varieties at harvest were also recorded from acetochlor + bensulfuron methyl treated plots (Table 3) . Similar effect of acetochlor + bensulfuron methyl on plant height of transplanted aman rice was also documented by Zahan et al. 2017 . The adverse effect of acetochlor + bensulfuron methyl on plant height of all transplanted aman rice varieties might be related to its application rate which was relatively higher to the currently revised recommended rate by the authorized company of this herbicide. The previously recommended rate of acetochlor + bensulfuron methyl according to the company was much higher for transplanted puddled rice to tolerate . On the other hand, the tallest plants of BRRI dhan39, BRRI dhan46 and BRRI dhan56 were recorded from butachlor + propanil treated plots and the tallest plants of BRRI dhan44, BRRI dhan49 and BRRI dhan51 were from 2,4-D amine treated plots at harvest.
Additionally, butachlor + propanil treated plots of all aman rice varieties had taller plants both at 30 DAT (8 DAHA) and 40 DAT (18 DAHA) than other late post-emergence herbicide treated plots and even had taller plants than control plots except BR11 and BRRI dhan49 at 30 DAT and BRRI dhan49, BRRI dhan51 and BRRI dhan52 at 40 DAT (Figure 3) . Furthermore, in BRRI dhan49, 2,4-D amine treated plots had taller plants than rest of the late post-emergence herbicide treated plots and even than the control plots. The present study results were also supported by Nimanthika and Weerakoon (2012) who examined the tolerance of five improved and three traditional varieties of Oryza sativa and five wild rice spp. against post-emergence herbicide in Sri Lanka and found significant effect of post-emergence herbicides on plant height of rice cultivars at their mature stage. Zhang and Webster (2002) reported that rice tolerance to herbicide varied both with cultivar and growth stage of rice. The differential response in plant height of transplanted aman rice varieties to herbicides might be related to their genotypic variability that may vary the level of herbicide tolerance at different growth stage of rice. However, no literature related to the effect of preemergence herbicide on plant height of rice was found. 
Leaf chlorophyll content
Leaf chlorophyll contents (SPAD values) of all aman rice varieties were significantly varied against the recommended rate of herbicides (Table 4) . Results showed that all aman rice varieties except BRRI dhan44 had the highest SPAD values in herbicide treated plots. In case of BR11 and BRRI dhan51, the highest values were recorded from butachlor + propanil treated plots; in BRRI dhan33 and BRRI dhan39, the highest values were obtained from 2,4-D amine treated plots; in BRRI dhan46 and Binadhan-7, the highest values were measured from pyrazosulfuron-ethyl treated plots; in BRRI dhan49 and BRRI On the other hand, the lowest SPAD values of BR11, BRRI dhan39 and BRRI dhan57 were in orthosulfamuron treated plots, the lowest values of BRRI dhan33, BRRI dhan52, BRRI hybrid dhan-4 and Binadhan-7 were in acetochlor + bensulfuron methyl treated plots, BRRI dhan44, BRRI dhan49 and BRRI dhan56 had the lowest values in butachlor + propanil treated plots, the lowest values of BRRI dhan46 was in 2,4-D amine treated plots and leaves of BRRI dhan51 had the lowest SPAD value in untreated control plots. This differential behaviour in leaf chlorophyll content of rice varieties to herbicide has not documented earlier and therefore the specific reason for the differential response in leaf chlorophyll content of rice varieties to herbicide is unknown. However, in another study Gilreath et al. (2000) observed the phytotoxic effects of glyphosate on pepper (Capsicum annuum) and found that glyphosate injury was ranged from non-detectable to chlorosis of the terminal bud and extended to the foliage. In some cases, leaves of pepper became more pointed and darker green, however leaves turned to pale green with increasing rate of glyphosate application.
Shoot dry matter of rice plants
Results revealed that pyrazosulfuron-ethyl increased shoot dry matter of all aman rice varieties at 35 days after transplanting (DAT) by 2.9-33.8% over control (Table 5 ) and the highest percentage of increase observed in BRRI dhan33 whereas the lowest increase was in BRRI dhan52. Shoot dry matters of BR11, BRRI dhan57 and Binadhan-7 were also increased at 35 DAT in butachlor treated plots. Application of orthosulfamuron increased shoot dry matters of BRRI dhan33, BRRI dhan39, BRRI dhan44, BRRI dhan52, BRRI hybrid dhan-4 and Binadhan-7 by 1.4-24.1%. Moreover, 2,4-D amine treated plots had 2.2-10.6% higher shoot dry matters in BR11, BRRI dhan33, BRRI dhan44, BRRI dhan49 and BRRI dhan56 than the control plots. Furthermore, application of butachlor + propanil increased shoot dry matters of BRRI dhan39, BRRI dhan44, BRRI dhan49, BRRI dhan52, BRRI dhan56 and Binadhan-7 by 6.6-27.1% in comparison to untreated control. The increased shoot dry matter of rice varieties with herbicides might be related to the increased plant height, leaf chlorophyll content and production of increased number of tillers (data have not shown). On the contrary, acetochlor + bensulfuron methyl treated plots reduced shoot dry matter of all rice varieties by 8.3-37.0% compare to the control plots which might be happened due to the phytotoxic effect of this herbicide on plant height and leaf chlorophyll content of rice varieties. Several previous studies on other herbicides also reported significant increase in rice shoot dry matter by herbicide application (Bond and Walker 2012; Moore and Kröger 2010) . But, some studies found reduction in rice shoot dry matter through application of herbicides (Chauhan and Johnson 2011) and they also revealed greater reduction in rice shoot dry matter by applied herbicides was in saturated soil condition compared to the aerobic soil condition. 5.11 for variety, 5.49 for herbicide Level of significance *** for variety, ** for herbicide, *** for variety × herbicide CV (%) 4.82 for variety, 4.68 for herbicide, 4.55 for variety × herbicide Here, CV = co-efficient of variance, *** = 0.01% level of significance, ** = 1% level of significance V1 = BR11, V2 = BRRI dhan33, V3 = BRRI dhan39, V4 = BRRI dhan44, V5 = BRRI dhan46, V6 = BRRI dhan49, V7 = BRRI dhan51, V8 = BRRI dhan52, V9 = BRRI dhan56, V10 = BRRI dhan57, V11 = BRRI hybrid dhan-4, V12 = Binadhan-7
Grain yield
Grain yields of all transplanted aman rice varieties were significantly influenced by application of herbicides at their recommended rate (Table 6) . Results demonstrated that application of pyrazosulfuron-ethyl increased grain yields of all rice varieties by 0.6-32.6% compared to control. Application of butachlor + propanil also provided higher grain yields in all rice varieties over control by 2.0-25.5% except BRRI hybrid dhan-4 that had lower yield by 4.3% than the control. Results also revealed that the highest grain yield of BRRI dhan33, BRRI dhan44, BRRI dhan46 and BRRI dhan51 was obtained from pyrazosulfuron-ethyl, BRRI dhan49, BRRI dhan52, BRRI dhan56, BRRI dhan57 and Binadhan-7 had the highest yield in butachlor + propanil, BRRI dhan39 had in orthosulfamuron, BRRI hybrid dhan-4 had in butachlor and BR11 had the highest grain yield in 2,4-D amine treated plots. The increase in grain yield of all aman rice varieties by applied herbicides is related to their increased dry matter production. Moreover, results clearly expressed the increased grain yield production of rice varieties in herbicide treated plots over control plots reflected the tolerance of rice varieties to the above mentioned specific herbicides. On the other hand, the study also demonstrated that plots treated with acetochlor + bensulfuron methyl gave the lowest grain yield in all aman rice varieties (Table 6 ) and this is due to the phytotoxic effect of acetochlor + bensulfuron methyl on shoot dry matter of aman rice varieties. Previous research with post application of sulfentrazone in soybean also reported severe yield reduction due to the stunting and reduction of canopy development (Walker, 1994) . In another study, Grey et al. (2000) examined the response of seven peanut (Arachis hypogaea) cultivars to two early post-emergence herbicides (imazapic and paraquat) and they revealed that one cultivar exhibited early-season injury up to 29%, however this injury did not affect yield. On the other hand, Grichar et al. (2000) reported that application of CGA-152005, a sulfonylurea herbicide injured peanut up to 37% and reduced yield up to 94%. V1 = BR11, V2 = BRRI dhan33, V3 = BRRI dhan39, V4 = BRRI dhan44, V5 = BRRI dhan46, V6 = BRRI dhan49, V7 = BRRI dhan51, V8 = BRRI dhan52, V9 = BRRI dhan56, V10 = BRRI dhan57, V11 = BRRI hybrid dhan-4, V12 = Binadhan-7 Here, GY = Grain yield, CV = co-efficient of variance, *** = 0.01% level of significance, ** = 1% level of significance V1 = BR11, V2 = BRRI dhan33, V3 = BRRI dhan39, V4 = BRRI dhan44, V5 = BRRI dhan46, V6 = BRRI dhan49, V7 = BRRI dhan51, V8 = BRRI dhan52, V9 = BRRI dhan56, V10 = BRRI dhan57, V11 = BRRI hybrid dhan-4, V12 = Binadhan-7
CONCLUSION
The study concluded that all transplanted aman rice varieties were tolerant to the recommended rate of pyrazosulfuron-ethyl and butachlor + propanil. Additionally, BRRI dhan33, BRRI dhan46, BRRI dhan51 and Binadhan-7 were tolerant to butachlor and orthosulfamuron. Moreover, the most tolerant aman rice variety under strip-tilled non-puddled field condition was BRRI dhan51 that provided higher grain yield at the recommended rate of all herbicides over control except acetochlor + bensulfuron methyl. Additionally, all rice varieties were susceptible to acetochlor + bensulfuron methyl. This preliminary study highlights the variation in varietal tolerance of rice to the existing herbicides suggesting that routine screening of herbicide phytotoxicity needs to be incorporated in rice breeding programs in Bangladesh.
